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A B S T R A C T
Holoprosencephaly is a category of congenital brain malformation that is frequently associated with
epilepsy. Epileptic spasms and partial seizures are reported with a variety of electrographic ictal and
interictal EEG ﬁndings. We report a case of severe alobar holoprosencephaly with cortical tissue limited
to inferior–anterior–frontal areas and a thin mantle over the posterior areas, and no appreciable
connective ﬁbers to the subcortical structures. Interictal EEG consisted mainly of 2–3 Hz irregular delta
activity during wakefulness and sleep. Clinical seizures had two different semiologies: (1) epileptic
spasms lasting 0.5 s during state change and (2) prolonged tonic spasms lasting 5–8 s followed by
appendicular clonic activity, abnormal nystagmoid eye movements and eye ﬂutter lasting 5–8 s.
Preceding the epileptic spasms, there was 1–2 s of electrodecrement in the EEG. During prolonged tonic
spasms there was also electrodecrement in the EEG. No other electrographic activity was seen. Due to
lack of any appreciable connecting ﬁbers between cortical and subcortical structures, these ﬁndings
suggest an increase in brain stem excitability with inefﬁcient (or lack of) cortical modulation as a
possible underlying mechanism for epileptic spasms in this patient.
Published by Elsevier Ireland Ltd on behalf of British Epilepsy Association.
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Holoprosencephaly is a category of congenital brain malforma-
tion due to different degrees of failure of cleavage of embryonic
prosencephalon. There is a well described continuum of anatomic,
electrographic and clinical ﬁndings in holoprosencephaly. It is
morphologically classiﬁed into alobar, semilobar, lobar and middle
interhemispheric variant depending on its severity; with alobar
holoprosencephaly being the most severe form.1 In alobar
holoprosencephaly the thalami are fused and the midline
structures (interhemispheric ﬁssure, falx cerebri, corpus callosum
and septum pellucidum) are absent. There is a rudimentary holo-
ventricle that is continuous with a large dorsal cyst.2 There are
severe midline facial deformities and hypotelorism. Although most
affected infants are still-born or have a very short life,3 longer life
spans (up to 16 years) have been reported.4,5 The presence of
midline facial abnormalities correlates with the presence of
holoprosencephaly, however the opposite is not true and patients
with severe holoprosencephaly can have normal facies.6,7
Holoprosencephaly is frequently associated with epilepsy. A
variety of seizure types including focal onset (with and without
secondary generalization), infantile spasms, tonic seizures, myo-
clonic seizures and tonic-clonic seizures have been reported.8,9* Corresponding author. Tel.: +1 801 587 8393.
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(EEG) abnormalities reported. These include paroxysmal hyper-
synchrony (generalized low amplitude fast activity (alpha-beta),
evolving into generalized rhythmic high amplitude 1–2 Hz slow
waves), focal fast activity evolving into focal theta and delta
activity, low voltage focal polyspikes, and generalized and focal
isoelectric activity.8
Here we report the magnetic resonance imaging (MRI) and EEG
ﬁndings of a 21 year old patient with severe form of alobar
holoprosencephaly and epileptic spasms.
2. Patients and methods
Our patient is a 21-year-old man with congenital alobar
holoprosencephaly and epilepsy who was admitted to the
University of Utah Neuro-Acute-Care Unit with uncontrolled
seizures. His baseline seizure frequency was reported to be 4–5
seizures per day. He was diagnosed with epilepsy at one year of age
and earlier on had been tried on phenobarbital (caused allergic
rash), sodium valproate (caused liver failure), and phenytoin. His
regimen was eventually changed to carbamazepine and clonaze-
pam and he had continued on this regimen for more than 15 years.
His baseline functions included some spontaneous chewing,
oscillatory eye movements (resembling nystagmus) and non-
purposeful limb movements during wakefulness.
He was presented to the University of Utah Emergency Room
with marked increase in seizure frequency (at times up to oneEpilepsy Association.
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regimen for treatment of pneumonia. On physical examination he
had hypoplastic limbs and microcephaly. His facial deformities
included hypotelorism, and complete bilateral cleft lip and palate.
He had a common naso-oral cavity that was bordered inferiorly by a
complete lower lip and superiorly by upper lips (laterally) that were
fused with nasal prominences (medially). There was complete lack
of ﬁltrum and nasal septum. He was fed by a nasogastric tube
inserted to the posterior aspect of this common naso-oral cavity.
There was absence of rooting reﬂex, Moro reﬂex and grasp reﬂex.
He was admitted to the University of Utah Neuro-Acute-Care
unit with diagnosis of status epilepticus. On admission he was
loaded with fosphenytoin, his levetiracetam dosage was increased
and his carbamazepine and clonazepam were continued. He was
started on video-EEG monitoring.
3. Methods
3.1. Video/EEG monitoring
The patient was admitted to the Neuro Acute Care Unit of the
University of Utah Hospital in Salt Lake City, UT for further control
and treatment of his seizures under video-EEG monitoring. 19
scalp electrodes were placed according to the 10–20 system and
digital EEG was recorded (XLTEK EMU 40) with sampling rate of
250 Hz. Low frequency ﬁlter was set to 1 Hz and high frequency
ﬁlter was set to 70 Hz. Video-EEG data were analyzed off-line and
display montage was adjusted as needed.
3.2. MR imaging acquisition protocol
MRI was acquired with a 1.5 T MR scanner (Siemens, Erlangen,
Germany) and sagittal T1 and T2, and Axial T2, T2 FLAIR, as well as
DWI, GRE and TIR sequences were obtained.Fig. 1. Illustration of the electrographic features of the prolonged tonic spasm. Sensitivity
at the onset of prolonged tonic spasm.4. Results
4.1. Video/EEG monitoring
The background EEG during wakefulness consisted of 2–3 Hz
irregular delta activity in the posterior head regions. During sleep
he had 2–3 Hz low voltage delta activity and posterior triangular
sharp transients. There were no V waves, sleep spindles, or K
complexes. During his seizures he manifested two different
semiologies: (1) epileptic spasms lasting 0.5 s during state change
and (2) prolonged tonic spasms lasting 5–8 s followed by
appendicular clonic activity, abnormal nystagmoid eye move-
ments and eye ﬂutter lasting 5–8 s. In the EEG there was 1–2 s of
electro-decrement preceding the epileptic spasms. At the onset of
prolonged tonic spasms he had electrodecrement in the EEG
(Fig. 1). No other electrographic activity was seen.
4.2. MRI results
MRI showed that cortical tissue was limited to the anterior–
inferior–frontal lobes and a small patch over the posterior head
region. There was a thin supra-tentorial mantle, a single ventricle
and a dorsal cyst (Fig. 2). The diencephalon were fused with
mild midbrain and pontine dysplasia. Cerebellum and medulla
were intact.
4.3. Clinical course
After admission to the University of Utah Neuro-Acute-Care
Unit and continued treatment with fosphenytoin, levetiracetam,
carbamazepine and clonazepam his seizure frequency decreased
to 5–10 seizures per day. He was discharged home on the third day
on levetiracetam, phenytoin, carbamazepine and clonazepam. He
continued to have 5–10 seizures per day until his antibiotic 10 mV/mm, LFF: 1 Hz, HFF 70 Hz, Notch off; Arrow points to electrodecrement seen
Fig. 2. Illustration of patient MRI showing a thin supratentorial mantle, a single ventricle and a dorsal cyst. From left to right, top row: Sagittal T1, coronal T2, and bottom row:
axial FLAIR, and axial T2 BLADE.
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baseline seizure frequency (4–5 seizures per day). Thereafter his
phenytoin was tapered and discontinued over 7–10 days followed
by slow taper and discontinuation of his clonazepam over 2–3
months. He is currently 23 years old and is maintained on
carbamazepine and levetiracetam with baseline seizure frequency
of 4–5 seizures per day. He has had occasional respiratory
infections during which his seizure frequency increases and
requires clonazepam on an as-needed basis for seizure control.
5. Discussion
Our patient at the time of his presentation was 21 years old and is
currently 23 and therefore represents the oldest case of alobar
holoprosencephaly reported to date. He has a severe form of alobar
holoprosencephaly with cortical tissue limited to anterior–inferior–
frontal areas and a thin mantle of tissue over the posterior areas. It
is interesting that our patient has survived for 23 years without
any signiﬁcant amount of cerebral cortex. There are no appreciable
connective ﬁbers between this small amount of cortical tissue and
the subcortical structures in the MRI. Also due to lack of clinical
indication, no advanced neuroimaging techniques (including
tractography) were done. Therefore minor connective ﬁbers may
have not been picked up by our radiological technique.
Our patient’s seizure semiology was of two types: epileptic
spasms and tonic spasms. Epileptic spasms are brief muscular
contractions that are semiologically identical to the age related
epileptic syndrome of infantile spasms. The maturational changes
in the infant’s brain coincide with the timing of emergence of
infantile spasms, with majority of cases emerging between two
weeks and 18 months of age. When the infantile spasms occur or
persist beyond the second year of life, it is referred to as epileptic
spasms.10,11 Although there are no reports of epileptic spasm onset
after puberty, there are reports of epileptic spasms persisting into
adulthood.12 In tonic spasms the muscle contractions are not brief
and are maintained for several seconds. Tonic spasms have been
reported in intractable cases of epileptic (or infantile) spasms.13Neurophysiologically, the infantile or epileptic spasm is a unique
seizure type. Kellaway et al. reported a variety of ictal EEG patterns
for infantile spasms. These included generalized slow wave,
attenuation and increased fast activity occurring alone or in any
sequential combination preserving the above order.14 To verify
clinical characteristics of infantile spasms and their corresponding
EEG pattern in a study of 36 patients, Fusco and Vigevano reported
that the generalized slow wave was present in 100% of the patients.
The decremental activity was rare, always followed the slow wave
and never accompanied the clear behavioral event. Therefore they
concluded that the generalized slow wave was the ictal EEG counter
part of the behavioral event in the infantile spasm.15 The generalized
slow wave also existed at the onset of the tonic spasms.16 There
continues to be reports of attenuation as the only ictal EEG
manifestation of infantile spasms.17 Haginoya et al. reported a case
of West syndrome with focal right frontal hypsarrhythmia, lack of
left hemisphere and porencephaly. Despite focal ictal and interictal
EEG this patient had symmetric clinical spasms and ictal SPECT
hyperperfusion in cerebellum and brain stem. The authors
concluded that the brainstem structures containing the descending
pathways that control the spinal reﬂexes and other infratentorial
structures are essential for occurrence of spasms.18 They hypothe-
sized that if the hypsarrhythmia originates in the brain stem then
EEG from any part of the cortex that is sufﬁciently viable to allow
electrical activity can manifest it. Our patient with near absence of
any cortical–subcortical connecting ﬁbers has complete absence of
this generalized slow wave in both his epileptic spasms and his tonic
spasms. Electrodecrement was noted during the tonic spasm but
1–2 s preceding the epileptic spasms. The reason for this is
unknown. But if this electrodecrement is originated in the cortex
it may point to presence of minimal existing ﬁbers between cortex
and subcortical structures, which are anatomically not appreciable
in his MRI. Alternatively this electro-decrement maybe the cortical
response to subcortically generated electrical phenomenon 1–2 s
before activation of subcortical motor pathways and clinical
presentation of a spasm. Both his epileptic spasms and his tonic
spasms were responsive to antiepileptic drug therapy.
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pathophysiological basis of infantile spasms.19 These include
increased brain stem excitability (with inefﬁcient cortical modu-
lation) and increased cortical excitability (with inefﬁcient brain
stem modulation). In the literature, there is ample clinical evidence
of increased cortical excitability resulting in infantile spasms.20,21
This is exempliﬁed by successful resections of abnormal cortex
identiﬁed by MRI or FDG-PET that were followed by improvement
of seizure control in several case series and case reports.22,23
Chugani and colleagues have proposed that a primary cortical
generator interacts with subcortical structures and results in
generation of epileptic spasms.24 In cases of increased brain stem
excitability, there is evidence of abnormal neurodiagnostic studies
(BAEPs)25 or abnormal subcortical anatomy.26,27 In a case report
of West syndrome with tonic spasms, it was suggested that
brainstem containing the descending pathways that control spinal
reﬂexes and other infratentorial structures seems to be essential
for the occurrence of the spasms.18
Our patient’s brain anatomy provides a very special case. There
is minimal amount of cortical tissue and virtual lack of connecting
ﬁbers between this minimal cortical tissue and subcortical
structures. On one hand presence of the electrodecrement
preceding the epileptic spasms suggest the presence of functional
connections between the cortex and the subcortical structures, and
on the other hand there is virtual lack of the slow wave component
at the onset of the epileptic spasms and the tonic spasms. One
hypothesis is that the volume of viable anatomical tissue that can
participate in the cortical–subcortical interaction necessary for
generation of epileptic spasm is too small to generate a slow wave
in the scalp EEG, but still functionally capable of generating a
spasm. Alternatively since there is such anatomically negligible
amount of cortical tissue our patient could be considered either
congenitally born in a ‘‘decorticate state’ or permanently in the
earliest brain maturational stage for life. We think that our patient
may provide a rare clinical evidence for Lado and Moshe’s alternate
hypothesis19 of increased brain stem excitability with inefﬁcient
(or lack of) cortical modulation as a possible mechanism of
epileptic spasm in this patient.
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